Lesson 6






7.1) The indicated waveforms are applied to the JK master-slave flip-flop of Fig 7.1. For
this problem, assume that gate delays are short compared to the input signal time scale.

a) Sketch the waveforms that appear at the Qu and Qs outputs of the master and slave
latches. Assume that the flip-flop is initially in the reset state.

b) Do the waveforms exhibit any 1’s catching behavior?

L

J_

Qs

B
:}-@

[ O—
|

o—
I

-
¢
o | I e
. n 1
K —

Figure 7.1. JK master-slave flip-flop.

7.2) Consider dynamic implementations of the D flip-flop using either the C*MOS
approach of Figure 7-26 or the TSPC approach of Figure 7-33. The flip-flops are driven
by clocks CLK and CLK with a 50% duty cycle.

a) Discuss the impact of clock overlap on the behavior of both flip-flops.
b) Discuss the impact of finite clock rise and fall times on the behavior of both flip-flops.

7.3) Design a pipelined circuit of the function F= (AB+BC)+D. Use C*MOS latches for
the implementation.

a) Draw the schematics of the circuit assuming you are allowed to introduce two pipeline
stages between input and output. Try both static and dynamic implementations of the
logic. Place the latches so that a maximum clock speed is obtained. What limits clock
speed in both cases?
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7.4) A five-stage ring oscillator is selected for the implementation of a VCO. The oscilla-
tion frequency should be 5MHz for a supply voltage of 3.3V. The basic inverter circuit
used in the oscillator is shown in Fig. 7.2. Due to their large sizes, you may consider
transistors M2 and M3 to be ideal switches (with zero on-resistance).

a) Determine the DC-voltages needed at nodes H and L to get the required oscillation fre-
quency. Consider only the capacitance shown in the figure. Ignore the channel length
modulation factor. Also make sure that rise and fall times are identical. Use the following
transistor parameters:

kn’=19.6 LA/V?, ky’=5.4 nAIV?, Vin=0.743 V, V;p=—0.739 V
L=0.9 um, W;=5 pm, W,=100 um, W5=300 pum, W,=10 um

~oe (W/L)y; = (5/0.9)

H —d[ ma (W/L)y2 = (100/0.9)
] (W/L)ys = (300/0.9)
n [IEMS O W/, = (10/0.9)
M2 == csor
LM =

Figure 7.2. Current-starved inverter used in the oscillator.
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7.5) Design a finite state machine with the use of registers, multiplexers, inverters, AND-
gates and OR-gates, fulfilling the graph shown in Figure 7-3.

Data inputs: a, b, ¢
Data output: y

Figure 7-3. A finite state machine

7.6) Design a finite state machine with the use of registers, multiplexers, inverters, AND-
gates and OR-gates, fulfilling the graph shown in Figure .
Data inputs: a, b, ¢
Data output: y (yOyl)
ab

Figure 7-4. A finite state machine
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